Soil microbial biomass can reach its annual maximum pool size beneath the winter 29 snowpack and is known to decline abruptly following snowmelt in seasonally snow-covered 30 ecosystems. Observed differences in winter versus summer microbial taxonomic composition 31 also suggests that phylogenetically conserved traits may permit winter-versus summer-adapted 32 microorganisms to occupy distinct niches. In this study, we sought to identify archaea, bacteria, 33 and fungi that are associated with the soil microbial bloom overwinter and the subsequent 34 biomass collapse following snowmelt at a high-altitude watershed in central Colorado, USA. 35 Archaea, bacteria, and fungi were categorized into three life strategies (Winter-Adapted, 36 Snowmelt-Specialist, Spring-Adapted) based on changes in abundance during winter, the 37 snowmelt period, and after snowmelt in spring. We calculated indices of phylogenetic 38 relatedness (archaea and bacteria) or assigned functional attributes (fungi) to organisms within 39 life strategies to infer whether phylogenetically conserved traits differentiate Winter-Adapted, 40 Snowmelt-Specialist, and Spring-Adapted groups. We observed that the soil microbial bloom 41 was correlated in time with a pulse of snowmelt infiltration, which commenced 65 days prior to 42 soils becoming snow-free. A pulse of nitrogen (N, as nitrate) occurred after snowmelt, along 43 with a collapse in the microbial biomass pool size, and an increased abundance of nitrifying 44 archaea and bacteria (e.g., Thaumarchaeota, Nitrospirae). Winter-and Spring-Adapted archaea 45 and bacteria were phylogenetically clustered, suggesting that phylogenetically conserved traits 46 allow Winter-and Spring-Adapted archaea and bacteria to occupy distinct niches. In contrast, 47
Introduction extracts was measured colorimetrically using a Versamax microplate spectrophotometer 196 (Molecular Devices) using a modified Greiss reaction protocol (Doane and Horwath 2003) . 197 Microbial biomass carbon (C) was measured using the chloroform-fumigation extraction method 198 (Brookes et al. 1985) . A 5-g subsample was fumigated with ethanol-free chloroform for 7 days 199 and then extracted as stated above. Microbial biomass C was estimated as organic C measured in 200 the fumigated extract minus organic C measured in the non-fumigated sample (Brookes et al. 201 1985) . We did not apply an extraction correction to account for incomplete microbial biomass 202 lysis during the fumigation. The concentration of dissolved organic C in the fumigated and non-203 fumigated samples was quantified using the Mn-(III) pyrophosphate oxidation method (Bartlett 204 and Ross 1988). We applied a universal correction factor to the measured organic C 205 concentrations to account for differences in reaction efficiency across soil types (Giasson et al. 206 2014). All concentrations were corrected for the field-moist water content of the soil and values 207 are reported based on the oven-dried soil mass used for the extractions. were tested using linear-mixed effect models using the R package 'nlme' (Pinheiro et al. 2016) .
247
Location was the fixed-effect and Plot was the random-effect in the model. The effect of 248 sampling date on the size of the microbial biomass C pool, extractable soil NO3 -, and gravimetric 249 water content were also assessed using linear-mixed effect models with Time of Sampling as the 
256
We identified OTUs that had a statistically significant change in abundance between at 257 least one of three paired time periods [September to March (i.e., 'Winter'), March to May (i.e.,
258
'Snowmelt'), May to June (i.e., 'Spring')] by calculating log2foldchanges in relative abundance 259 between time-points using the R package 'gtools' (Warnes et al. 2018 indicates that taxa in a group are more phylogenetically related than expected, compared to a random sampling from the regional species pool. Phylogenetic clustering suggests a group of 287 taxa that are ecologically similar and share a common niche with traits that have been retained 288 through speciation events (i.e., phylogenetic niche conservatism, Crisp and Cook 2012). On the 289 other hand, phylogenetic overdispersion (negative NRI/NTI) indicates a group of organisms less 290 phylogenetically related than expected, as compared to the regional species pool. Phylogenetic 291 overdispersion can arise from community assembly processes (e.g., trophic interactions, 292 competitive exclusion) that result in a group of ecologically dissimilar taxa with non-overlapping 293 niches (i.e., niche partitioning) or adaptive traits with a broad phylogenetic distribution.
295

Results
296
Soil characteristics and winter snowpack control over soil temperature and moisture 297 Average gravimetric soil moisture content and total soil C were greater on the Floodplain 298 compared to the Hillslope (Table 1) . Microbial biomass C in the top-soil (0 to 5 cm depth) was 299 also approximately three times greater on the Floodplain compared to Hillslope, but was 300 comparable between the Hillslope and Floodplain in soils deeper than 5 cm (Table 1) . Across all 301 sampling depths, soils on the Hillslope had consistently greater δ 13 C and δ 15 N values than soils in 302 the Floodplain (Table 1) .
303
The onset of winter snowpack accumulation, persistence of snow cover, and complete increase in soil temperature to slightly above 0 °C from January throughout the remainder of winter. Complete loss of snow led to higher soil temperatures at both the Hillslope and 310 Floodplain ( Figure 1a ; Table 2 ) and trends in soil temperature in spring generally tracked trends 311 in air temperature after snowmelt. We did not observe soil freeze-thaw cycles during or after 312 snowmelt, but did observe soil freeze-thaw cycles in the winter time-period (Supplemental Table   313 1).
314
Soils in winter generally had lower volumetric water content and lower soil water 315 potential compared to soils collected during snowmelt or spring ( Figure 1c ; Table 2 ). In summary, the winter period was characterized generally by deep snow 323 with cold and dry soils, the snowmelt period by the rapid loss of the winter snowpack with cold 324 and wet soils, and the spring soil environment was characterized by rapid warming and drying 325 (Table 2, Figure 1a ,b,c). example, soil microbial biomass C increased 2-to 5-fold at all three soil depths (0 to 5 cm, 5 to 2b) and trends in microbial biomass pool size generally tracked trends in soil water content 333 (Figure 2a ). Similar to observations for the Hillslope, microbial biomass C in the Floodplain also 334 increased during snowmelt in the shallowest soils (e.g., 0 to 5 cm) ( Figure 2b) , however, this was 335 not observed in soils sampled more than 5 cm below the soil surface. Soil microbial biomass 336 decreased dramatically after snowmelt (between May and June) on the Hillslope (Figure 2b) , 337 which coincided with a substantial pulse of extractable soil NO3 - (Figure 2c ). Although microbial 338 biomass also collapsed on the Floodplain in topsoils after snowmelt (Figure 2b) , in contrast to 339 the Hillslope, we did not observe an increase in the soil NO3pool size after snowmelt in the 340 Floodplain (Figure 2c ).
341
Similar to changes in the sizes of soil microbial biomass pools, bacterial and fungal 342 community structure varied significantly during winter, snowmelt, and following the loss of 343 snow in spring (Figure 3a-d ). Date of sampling was a significant factor explaining bacterial 344 community structure in both the Hillslope (perMANOVA pseudo-R 2 = 0.11, P ≤ 0.001) and
345
Floodplain (perMANOVA pseudo-R 2 = 0.33, P ≤ 0.001) (Figure 3a 
Snowmelt selected for phylogenetically clustered bacterial life strategies
Bacterial and archaeal species were grouped together into one of three life strategies
Overall, we found that (1) increases in soil microbial biomass production beneath the 448 winter snowpack were observed at both locations in our study (Hillslope and Floodplain) and 449 appeared to be triggered by a pulse of snowmelt infiltration (Figure 2) , (2) the microbial biomass 450 collapse was associated with a significant pulse of N measured as extractable soil NO3 - (Figure   451 2), (3) three microbial life strategies (Winter-Adapted, Snowmelt-Specialist, and Spring-452 Adapted) were identified at each soil depth at both locations (Figures 4, 6) , (4) (Units -Soil moisture (g H2O -1 g soil -1 ), microbial biomass C and extractable organic C (µg C g soil -1 ), total soil C & N (weight %), soil δ 13 C and δ 15 N are the isotopic composition of carbon and nitrogen in the conventional δ-notation (per mil, ‰) relative to Vienna Pee Dee Belemnite (VPDB) for carbon and relative to air for nitrogen. (AMF, arbuscular mycorrhizae; EMF, ectomycorrhizae; Saprotrophs also included OTUs assigned to multiple trophic modes (i.e., mixotrophic) and various types of pathogenesis (e.g., plant pathogen)). 
Figure Captions
Figure 1. Soil temperature (a) at 6 cm and 17 cm below the soil surface remained above 0 °C when soils were covered with snow during winter. Loss of snow cover in May 2017 resulted in a rapid increase in soil temperature. The onset of snowmelt in March triggered a large increase in soil volumetric water content (b), as well as soil water potential (c), which lasted through early June 2017. Volumetric water content was measured at 9-cm depth and water potential was measured at 17-cm depth below the soil surface. Arrows indicate the dates of soil sampling. 
